Background: Adult obesity prevalence is influenced by rates of weight gain or loss among individual persons, but few studies have measured individual weight change in large populations. Changes in weight may not coincide with changes in the lipid accumulation product (LAP), a continuous index derived from waist circumference and triglycerides concentration for estimating excess lipids. Design and measurements: Descriptive report of longitudinal changes from US studies that included body mass index (BMI, kg/m 2 ) and LAP. Subjects: A total of 16 763 white and black adults studied between 1989 and 1996 in three observational cohorts (Coronary Artery Risk Development in Young Adults, Atherosclerosis Risk in Communities Study and Cardiovascular Health Study). Results: The means of individual annual changes in BMI were positive for young adults, but the mean changes were reduced at older ages (P for linear trend o0.001), becoming negative after 73-83 years old. These mean, individual changes in BMI, specific to sex and age, were approximately 0.1 U/year greater than those reported from previous, representative, longitudinal measurements collected in the United States between 1971 and 1984. Mean, individual annual changes in LAP were strongly positive before middle age. For men, the annual LAP changes were reduced at older ages (P linear trend o0.05). For women, they were greater at older ages (white women, Po0.001) or remained unchanged (black women, P40.3). With increasing age, there was a greater proportion of persons whose positive LAP change was accompanied by simultaneous BMI change that was negative or zero. Conclusions: These longitudinal observations made during 1989-1996 suggest greater annual changes in BMI compared to an adult cohort studied during [1971][1972][1973][1974][1975][1976][1977][1978][1979][1980][1981][1982][1983][1984]. As estimated by LAP, adults of all ages tended to accumulate excess lipids, including circumstances in which they lost weight.
Introduction
Cross-sectional surveys of the US population have documented a continuing rise in the prevalence of overweight and obesity for nearly every adult age group. 1, 2 These surveys leave no doubt that the population's average relative weightFcommonly described as the body mass index (BMI, weight (in kg) divided by height (in m) squared)Fis greater now than it was four decades ago. To supplement this recent prevalence information it would be useful also to know the patterns by which adults individually experienced weight gain or loss over time. However, the latest population-based study of longitudinal, measured, weight change among US adults was the follow-up to the first National Health and Nutrition Examination Survey (NHANES-I) that ended its data collection in 1984. 3 In the absence of a more recent, nationwide, representative study, we here describe longitudinal, observational data assembled from three US cohorts that were developed to investigate cardiovascular risk: the study of Coronary Artery Risk Development in Young Adults (CARDIA), the Atherosclerosis Risk in Communities Study (ARIC) and the Cardiovascular Health Study (CHS). Our report presents the cohorts' experience of annual BMI changes among individual adults observed at two points in the period between 1989 and 1996. Although the three cohorts were recruited from just a few communities, the distributions of their baseline BMIs when stratified by age, sex and racial group indicate a close similarity to the comparable distributions of BMI derived from a cross-sectional sampling of US adults conducted during 1988-1994, NHANES-III.
From the perspective of predicting chronic diseases, we recognized that changes in BMI are not necessarily the same as changes in cardiometabolic risk. Nor are changes in BMI equivalent to changes in the amount or location of adipose tissue. None of these large cohorts obtained images or regional dual-energy X-ray absorptiometry from which to estimate specific changes in the adverse volume of truncal (more specifically, intraabdominal) fat 4 or changes in the possibly protective volume of lower limb fat. 5 The cardiovascular cohorts did, however, make repeated measures of waist circumference and fasting plasma triglycerides. From these two variables it was possible for each participant at each encounter to obtain the lipid accumulation product (LAP), an easily calculated, continuous index proposed for the estimation of accumulated excess lipids. 6, 7 Dichotomous markers ('hypertriglyceridemic waist' or 'enlarged waist with elevated triglycerides') similar to the continuous LAP index are associated with prevalent coronary artery disease 8, 9 and with established cardiometabolic risk factors. [10] [11] [12] Public health interest in obesity control requires a clear understanding of how contemporary experiences of individual weight change may differ from weight change experiences in earlier or different settings. We have therefore compared our longitudinal BMI data from 1989 to 1996 with longitudinal BMI data reported in NHANES-I approximately 15 years earlier. Clinical interest in the prevention of chronic disease requires that we consider the meaning of change in weight as possibly contrasted with change in excess lipids. Accordingly, from the three cardiovascular cohorts we have provided descriptive information that contrasts the individual annual changes in BMI with the simultaneous individual annual changes of LAP.
Methods
Our longitudinal cohort data came from public-use, limitedaccess, datasets furnished by the National Heart Lung and Blood Institute (Table 1) . To position our measurements for all three cohorts in a similar range of calendar years, we took as our longitudinal baselines the third examination of We calculated each participant's annualized changes of BMI and LAP, and characterized all the participants by their age in the middle of the observation interval ('mid age'), that is, their age at baseline plus half of their observation interval. (Baseline age was available in 1-year categories for CARDIA and ARIC but only in 2-year categories for CHS.) To model the effects of age on annualized change in BMI and in LAP we considered the independent variable to be each participant's mid age, and we constructed separate linear regression models (with and without a term for the square of mid age) for white and black men and women. We also divided our analytic sample into six age strata defined by the participants' age at the first examination included in the studies (Table 1 ). For each of the resulting 24 subcohorts (age Â sex Â race) we assigned a subcohort 'approximate age' that represented the subcohort's mean baseline age plus half its mean interval to the follow-up examination, and we computed the subcohort's mean, median and percentiles (5, 25, 75 and 95) of annualized change in BMI and in LAP.
For comparison with the earlier longitudinal US survey (data through 1984) that reported changes in BMI at approximate ages 35, 45, 55, 65 and 75 years old, 3 we reanalyzed our data without regard to the six age-defined strata described above. This comparison analyzed only the 7459 participants whose mid age was 32-37 years (from CARDIA:
864 white and 555 black participants), 52-57 years (ARIC: 2164 white and 666 black participants), 62-67 years (ARIC: 1950 white and 407 black participants) or 72-77 years (CHS: 819 white and 34 black participants).
We assessed the representativeness of our data by comparing the baseline distribution of BMI for each of the 24 research subsamples with the estimated distribution of BMI of the corresponding national subpopulation (geometric mean and its 95% confidence interval) derived from an independent, cross-sectional, contemporaneous survey (NHANES-III) that also included measurements of waist circumference and the concentration of fasting triglycerides. For this purpose, the subsamples included eligible research participants at baseline who may have been omitted from the subcohort at the next included examination visit due to pregnancy, initiation of hypolipidemic medication or loss to follow-up. We used NHANES-III sampling weights along with SUDAAN software (Release 9.0, Research Triangle Institute, Research Triangle, NC, USA) to account for the unequal selection probabilities in NHANES-III (for example, clustered design, planned oversampling and differential nonresponse). 13 It was not informative to compare the distributions of LAP between those in our longitudinal cohorts and the ones obtained in NHANES-III because NHANES-III employed nonequivalent protocols for its waist measurements (different anatomical landmarks) 14, 15 and its assays for triglycerides used serum rather than plasma. 16 
Results
Longitudinal changes in BMI For both sexes the annual changes in BMI were greatest in young adults, except for white women, where the highest change was in the group aged B54 years ( Table 2 and Figure 1 ). Among men the median annual change in BMI at ages B29 years was about þ 0.2 U/year ( þ 0.18 for white men, þ 0.25 for black men), and this median value was lower for each successively older male subcohort. The incidence of positive change in BMI (percent of persons with annual change greater than zero) ranged from 77% at ages B29 down to 46% at ages B79 for men in the combined racial groups. The estimated changes in BMI (curvilinear models regressed on mid age and the square of mid age) reached zero at age 77 years for white men and nearly zero (0.04 U per year) at age 73 for black men. The median annual changes in BMI for white men at ages B64, B71 and B79 years respectively were þ 0.13, þ 0.07 and À0.02 U per year ( Figure 1 ). For black men at the same ages the median annual changes in BMI were þ 0.05, þ 0.06 and þ 0.07 U per year, but their two oldest subcohorts provided unreliable estimates due to their very small sample size. Among white women, the median annual changes in BMI at ages B29, B35 and B54 years rose from þ 0.16 to þ 0.22 and then to þ 0.27 U of BMI per year (Figure 1 ). For black Changes in BMI and an index of excess lipids HS Kahn and YJ Cheng women, in contrast, the corresponding median changes in BMI began at þ 0.38 and then dropped to þ 0.27 and þ 0.23 U per year. Women of both racial groups showed a clear decline in annual change in BMI at ages above B54 years. The incidence of positive change for women (combined races) ranged 76% at ages B29 to 50% at B79. The estimated changes in BMI (curvilinear models regressed on mid age and square of mid age) reached zero at age 79 years for white women and 83 years for black women. The median annual changes in BMI at ages B64, B71 and B79 years for white women were þ 0.19, þ 0.07 and 0.00 U of BMI per year ( Figure 1 ). For black women at the same ages the median changes in units of BMI per year were þ 0.12, þ 0.07 and þ 0.07, but their two oldest subcohorts may have provided unreliable estimates due to small sample size. When compared to the annual changes in BMI reported 3 among US adults in the longitudinal NHANES-I follow-up conducted from 1971-1975 to 1981-1984 , our more recent estimates of annual change in BMI for white men and white women were consistently at least 0.1 U per year greater for mid ages 32-37, 52-57, 62-67 and 72-77 years ( Figure 2 ). For the black men and women, our more recent annual changes Changes in BMI and an index of excess lipids HS Kahn and YJ Cheng in BMI likewise exceeded the NHANES-I follow-up report by an amount ranging from 0.07 to 0.26 U of BMI per year.
Longitudinal changes in LAP
The annual changes in LAP were predominantly positive across the 24 subcohorts (Table 2 and Figure 3 ). For men (combined racial groups), the incidence of positive change in LAP ranged from 74% at ages B35 years down to 54% at ages B79 years. The interquartile range of values for change in LAP among the younger men (B29 and B35 years old) was approximately 3 cm mmol/l/year, while this range for men at ages B54 and older was between 6 and 8 cm mmol/l/year. For women, the incidence of a positive change in LAP was consistently about 70% for ages from B29 years to B54 years, and in the older subcohorts it dropped no lower than 66% (at ages B64 years). The interquartile range of values for change in LAP among the younger women (B29 and B35 years old) was about 2 cm mmol/l/year, a narrower range than that observed for men at the same ages. Even so, the interquartile range for women at ages B54 and B64 years was between 7 and 8 cm mmol/l/year, and it then rose to values from 9 to 10 cm mmol/l/year at ages B71 and B79 years.
Population estimates of change in LAP are unavailable from NHANES-I because that survey did not obtain waist circumferences or fasting triglycerides.
Discordance of BMI and LAP changes
Although BMI and LAP values were well correlated in crosssectional comparisons (Table 3 , r range from 0.62 to 0.75), we noted weaker correlations between longitudinal rates of BMI change and LAP change (r range from 0.28 to 0.45). Viewed dichotomously, most participants were concordant with regard to their change in BMI and change in LAP (that is, they either gained in both indices or did not gain in both indices). With age, the concordance rate (both sexes combined) declined from 79 to 61% (Figure 4) . As the sum of the two discordant fractions rose with age from 21 to 39%, the fraction of participants that gained LAP but not weight rose from 8 to 26%, while the fraction that gained weight but reported by a longitudinal cohort centered around 1978 (denoted by triangles, m; all racial groups included) 3 with the US annual changes in BMI observed for white population (small squares, ') and black population (large squares, ') in cohorts centered around 1993. In the more recent cohorts there were no participants with mid ages of 42-47 years, and there were too few black participants with mid ages 72-77 for reliable estimates. Changes in BMI and an index of excess lipids HS Kahn and YJ Cheng not LAP was relatively stable between 13 and 18%. Among participants who experienced a positive change in LAP, the subset of those who simultaneously experienced a zero or negative change in weight rose from 11% at ages B29 years to 42% at ages B79 years. We also found that among adults who did not gain weight at ages B71 and B79 years about half (40% of men and 58% of women) nevertheless experienced a gain in LAP.
Comparability of the baseline subsamples with the estimated US population Among the estimates in NHANES-III that corresponded to the 24 baseline subsamples in this report, the lowest estimate for geometric mean BMI was 23. 
-tests).
Three of our white baseline groups had BMI geometric means that were lower than the corresponding national confidence intervals; they were CARDIA men at 30- In contrast, two of our black baseline groups had BMI geometric means that were higher than the corresponding national confidence intervals; they were ARIC men at 48-57 years (27.9 vs [24.8-27.1], P ¼ 0.002), and ARIC women at 48-57 years (30.6 vs [27.9-30.3], P ¼ 0.046).
Discussion
Longitudinal surveys of measured weight change among adults in representative populations are uncommon. Scan- Our report based on cardiovascular research cohorts centered 15 years later than the previous US longitudinal study cannot provide estimates for the full US population because it has no sampling weights and includes only two race-ethnic groups. Nevertheless, we found that the sex-and age-specific mean annual changes in BMI for white or black subpopulations were greater than the previous rates (for the full population) by approximately 0.1 U of BMI per year (Figure 2) . Furthermore, in our recent cohorts the estimated mean annual change in BMI did not decline to zero until at least age 73 (for black men) or 83 (for black women). That is, the recent positive rates of change in BMI persisted with aging at least 18 years longer through life than was previously noted.
Our report also describes longitudinal changes in LAP, an index that attempts to estimate the physiological burden of accumulated excess lipids. Although the ability of LAP to predict disease outcomes remains to be established, its component measures taken together (waist circumference and triglycerides) have been shown to have a close correlation with metabolic dysregulation. [19] [20] [21] In one prospective study, an enlarged waist with elevated triglycerides predicted accelerated cardiovascular illness better than the more complex metabolic syndrome. 22 The LAP index, although it requires a fasting venipuncture, could be a useful obesity estimator for assessment of persons (for example, amputees) whose weight or height may be difficult to interpret. Unlike the pattern of declining rates of annual change in BMI at older ages, the annual change in LAP appeared to show no consistent decline with age. Thus, the eldest white men, although their average annual change in BMI approached zero or less, had a mean annual change in LAP that was positive and similar to the annual change in LAP for white men at ages B29 years ( Table 2 ). The eldest white women, with an annual change in BMI of approximately zero, had a mean (and median) annual change in LAP that was substantially greater than the annual change in LAP for white women at ages B29 or B35 years (Table 2 and Figure 3 ). This pattern emphasizes that substantial portions of the elderly population are not gaining weight but nevertheless may continue to accumulate excess lipids. It is likely that these persons are losing salutary lean mass (primarily skeletal muscle and bone) 23, 24 or subcutaneous adipose tissue in the lower extremities. Diminished lean mass or lower body subcutaneous adipose tissue is associated with an increased risk for cardiometabolic disease. [25] [26] [27] [28] This report is limited by the absence of data on racialethnic groups other than white and black population who were predominantly non-Hispanic. The prevalence of obesity may be especially high in some Hispanic, Asian and Pacific Islander, and Native American groups, 29 and without their information it is difficult to draw conclusions applicable to the entire US population. Our analyses specific to white and black groups, however, permit comparisons to earlier data from Scandinavia (based almost entirely on white population ) and to US surveys from earlier decades when Hispanics and Asians were smaller segments of the US population.
Our report is further limited by the lack of information on adults less than 23 years old or between 41 and 47 years old gaps that resulted from our strategic restriction to longitudinal cohort data collected only since 1989. It is likely that US adults less than 23 years old (with the possible exception of white women) gain weight at higher annual rates than do adults at any subsequent age. 30 Our exclusion from analysis of persons reporting the use of hypolipidemic medication is unlikely to have had any major impact on our findings since the prevalence of such usage by US adults in the years 1988-1994 was less than 3%. 6 Our community-based observations regarding adults' longitudinal changes in BMI are compatible with the rising prevalence in the United States of overweight and obesity during the final decades of the twentieth century. In the absence of data from the earlier periods regarding accumulated excess lipid, we cannot determine the degree to which recent increases in overweight may reflect preserved healthy mass as opposed to increments in adverse lipid storage. Such distinctions between changes in weight and changes in accumulated excess lipids may be clinically important, especially among older adults for whom weight loss or even weight stability might signal the disappearance of healthy mass 23, 24 while their burden of excess lipids continues to rise.
